The paper first introduces the background and the mechanism of secondary pollution from desulfurization in cement plant. Then, take plant A as an example, using MGGH (media gas-gas heater) to control "white smoke". MGGH uses heat medium water to heat transfer between the original flue gas and the clean flue gas, without additional heat source, and has obvious economic benefits, which is the inevitable development direction of desulfurization reform of cement kiln system in the future.
Journal of Geoscience and Environment Protection the area between the line of ADFC and the line of AC means the appearance of "white smoke". If the temperature of the flue gas first increases from A to B, and then decrease from B to C, there is no "white-smoke-area".
There are two reasons to create "white smoke". The first is the temperature of the flue gas, and the second is the pressure. There is little difference between flue gas pressure in the desulfurization tower and ambient pressure, which does not affect the generation of white smoke. When the wet flue gas is discharged from the chimney and mixed with air, the saturation of water vapor in the flue gas decreases with the decrease of the temperature of flue gas, resulting in a large number of small droplets and the formation of "white smoke".
According to Figure 1 , the mechanism of reducing "white smoke" is to increase the temperature of the flue gas, thereby increasing the unsaturation of wet flue gas at the desulfurization outlet, so that in the process of cooling, wet flue gas is always unsaturated, that is, no "white smoke" is produced (Deng, 2018) .
Project Background
The flue gas volume of a cement production line in plant A is 800,000 Nm 3 /h. After flue gas desulfurization (FGD) modification, the temperature of flue gas at the outlet of the desulfurization tower is 50˚C. When the flue gas discharges from the direct chimney, the "white smoke" appears and accompanied by "gypsum rain". A set of MGGH system has been developed to alleviate or even eliminate the phenomenon of "white smoke" and "gypsum rain".
Project Design
The flue gas temperature at the outlet of the desulfurization tower is 50˚C. According to the empirical algorithm, the temperature of the flue gas at the outlet of the chimney is as below In this project, chimney is on the top of the desulfurization tower. The height of the desulfurization tower is 30 meters, and the height of the chimney is 100 meters.
According to Figure 2 , in summer, the outside temperature of chimney outlet is about 20˚C (point A). The flue gas is heated from point C (43˚C) to point D (about 60˚C), then cooled to point A (20˚C). When the flue gas temperature passes through the line CDBA in turn, no "white plume" will be produced.
The formula for heat transfer during flue gas heating is as follows:
c is the specific heat capacity of flue gas when the temperature is below 100˚C, which is 1.3811 KJ/m 3 . 1 ρ is the flue gas density at 50˚C, which is 1.097 kg/m 3 . V is standard flue gas volume, which is 800,000 Nm 3 /h. 1 Q is the heat energy needed to be absorbed When flue gas is heated from 43˚C to 60˚C per hour. The formula for heat transfer during flue gas heating is as follows:
∆ is the Temperature difference from 43˚C to 80˚C. By calculation, according to the formula, the value of Q 2 is 4.48*10 7 KJ/h.
MGGH is used in this project to decrease the "the white smoke". The heat medium water in the heat exchanger is heated by the original flue gas in front of the desulfurization absorption tower, and then the heat medium water is sent to the heating heat exchanger after the desulfurization absorption tower to increase the temperature of the clean flue gas. Circulating Pump is used to transport the heat medium water. Considering the expansion of heat medium water when it is heated, an expansion tank is set up in the circulating pipeline. The structure of MGGH is as follows (Figure 4) .
The difference between MGGH and traditional GGH is that MGGH uses heat medium water to transfer heat. The cooling side of flue gas is completely sepa- cooling heat exchanger, and the temperature drops from 150˚C to 130˚C in summer, and 150˚C to 110˚C in winter. The formula for calculating acid dew point of flue gas is as follows:
aid SO3 20 lg 80
is volume fraction of SO 3 in flue gas. α is moisture constant. When volume fraction of moisture in flue gas is 5%, 10% and 15%, moisture constant is 184, 194 and 201 respectively (Li & Tong, 2009 ). According to the calculation, SO 3 content in the tail gas of cement kiln is very low, and the acid dew point of the original flue gas is less than 100˚C, so the temperature of original flue gas is higher than the acid dew point. When designing MGGH, the following aspects should be considered: 1) Considering the dust content in flue gas, anti-wear devices should be installed on the windward side of MGGH heat exchanger tubes.
2) In order to improve the heat transfer rate, MGGH heat exchanger tube adopts fin structure.
3) In order to avoid the accumulation of ash in MGGH, it is necessary to install auxiliary means to clean ash. Sound soot blower is used in this project. 4) Medium-thick wall and No. 20 steel can be selected for heat exchanger tubes in high temperature section, and ND steel and other high-quality corrosion resistant materials can be selected for heat exchanger tubes in low temperature section to improve corrosion resistance (Chen, 2014) .
While using MGGH technology to decrease the amount of "white smoke", it also has the following functions: 1) Reduce the corrosion of tail flue and chimney. When the temperature of the clean flue gas is heated above the dew point, the dew attachment of moisture in the chimney is reduced and the formation of dilute sulfuric acid is prevented.
2) Increase the elevation of the flue gas and reduce landing concentration of pollutants.
3) The temperature of the original flue gas entering the desulfurization tower decreases, so that the evaporation of water in the absorption tower is reduced, and the water consumption of desulfurization is reduced (Li et al., 2017) .
Conclusion
The installation of MGGH in flue gas desulfurization system can effectively control the generation of "white smoke" and "gypsum rain". Compared with GGH, MGGH has no air leakage, corrosion and blockage. At the same time, MGGH uses heat medium water to heat transfer between the original flue gas and the clean flue gas. MGGH uses no additional heat source, which has obvious economic benefits, which is the inevitable development direction of desulfurization reform of cement kiln system in the future.
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